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(57) ABSTRACT

A system and method for pre-detection 1n a power over Eth-
ermnet (PoE) system. A power sourcing equipment (PSE) 1s
designed to measure a port voltage upon application of a
small current source. A microcontroller controls the current
source based on a comparison of the measured port voltage to
a threshold voltage.
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SYSTEM AND METHOD FOR
PRE-DETECTION IN A POWER OVER
ETHERNET SYSTEM

This application claims priority to provisional application
No. 60/968,412, filed Aug. 28, 2007, which 1s incorporated by
reference herein, 1n 1ts entirety, for all purposes.

BACKGROUND

1. Field of the Invention

The present invention relates generally to Power over Eth-
ernet (PoE) and, more particularly, to a system and method for
pre-detection 1n a PoE system.

2. Introduction

The IEEE 802.3af and 802.3at PoE specifications prowde
a framework for delivery of power from power sourcing
equipment (PSE) to a powered device (PD) over Ethernet
cabling. In this framework, various PDs can be deployed such
as voice over IP (VoIP) phones, wireless L AN access points,
network cameras, computing devices, etc.

In a conventional PoE process, a valid device detection 1s
first performed. This detection process 1dentifies whether or
not 1t 1s connected to a valid PoE device. As part of this
process, the typical detection process can present voltages of
up to 30V for up to 200 ms if no valid PD 1s connected to the
RJ45 connector. This voltage can be potentially damaging to
equipment connected to the port. What 1s needed therefore 1s
a protection mechanism for the PD detection process.

SUMMARY

A system and/or method for pre-detection 1n a PoE system,
substantially as shown in and/or described in connection with
at least one of the figures, as set forth more completely 1n the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the manner in which the above-recited
and other advantages and features of the mvention can be
obtained, a more particular description of the nvention
briefly described above will be rendered by reference to spe-
cific embodiments thereolf which are illustrated 1n the
appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and are not
therefore to be considered limiting of its scope, the invention
will be described and explained with additional specificity
and detail through the use of the accompanying drawings 1n
which:

FI1G. 1 1llustrates an embodiment of a PoE system.

FI1G. 2 1llustrates an embodiment of a current source used
during pre-detection.

FI1G. 3 1llustrates an embodiment of a pre-detection mecha-
nism.

FI1G. 4 1llustrates a circuit model of a PoE system.

FIG. 5 illustrates an open circuit response during pre-
detection.

FIG. 6 illustrates a capacitive load response during pre-
detection.

FIG. 7 1llustrates a resistive load response during pre-
detection.

FIG. 8 illustrates another embodiment of a pre-detection
mechanism.

FI1G. 9 1illustrates a tlowchart of a pre-detection process.

DETAILED DESCRIPTION

Various embodiments of the invention are discussed in
detail below. While specific implementations are discussed, 1t
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should be understood that this 1s done for illustration pur-
poses only. A person skilled 1n the relevant art will recognize
that other components and configurations may be used with-
out parting from the spirit and scope of the invention.

FIG. 1 illustrates an embodiment of a power over Ethernet
(PoE) system. As 1llustrated, the PoE system 1ncludes power

sourcing equipment (PSE) 120 that transmits power to pow-
ered device (PD) 140. Power delivered by the PSE to the PD

1s provided through the application of a voltage across the
center taps of transformers that are coupled to a transmit (TX)
pair and a recerve (RX) pair of wires carried within an Eth-
ernet cable. In general, the TX/RX pair can be found 1n, but
not limited to structured cabling. The two TX and RX pairs
enable data communication between Ethernet PHY's 110 and
130 1n accordance with 10BASE-T, 100BASE-TX,
1000BASE-T, 10GBASE-T and/or any other layer 2 PHY

technology.

As 1s further 1llustrated in FIG. 1, PD 140 includes PoE
module 142. PoE module 142 includes the electronics that
would enable PD 140 to communicate with PSE 120 1n accor-
dance with a PoE standard such as IEEE 802.3af, 802.3at,
legacy PoE transmission, or any other type of PoE transmis-
sion. PD 140 also includes pulse width modulation (PWM)

DC:DC controller 144 that controls power FET 146, which in
turn provides constant power to load 150.

In the example of the IEEE 802.3af standard, PSE 120 can
deliver up to 15.4 W of power to a plurality of PDs (only one
PD 1s shown in FIG. 1 for simplicity). In the IEEE 802.at
specification, on the other hand, a PSE can deliver up to 30 W.
Other proprietary solutions can potentially deliver even
higher levels of power to a PD (e.g., 60 W of power to a PD
over four pairs). In general, high power solutions are often
limited by the limitations of the cabling.

As noted, a conventional PoE process begins with a device
detection process. In the IEEE 802.3af standard, a Voltage (or
current) 1s applied between the transmit and recerve wire
pairs. The PSE then measures the current (or voltage) to
determine whether a signature 25 k€2 resistance detected. If
the PSE does not detect a valid 25 k€2 resistance, then the PSE
does not apply power to the port.

In various detection processes, voltages ranging from 10V-
30V can appear on a port. Such voltage conditions can be
potentially damaging to equipment connected to the port. In
accordance with the present invention, such potentially dam-
aging situations are limited through the inclusion of a pre-
detection process. This pre-detection process 1s designed to
occur prior to the activation of a detection process. As such,
the activation of the detection process 1s contingent on the
proper satisfaction of the conditions of the pre-detection pro-
cess. If the conditions of the pre-detection process are not
satisfied, then the detection process will not commence. This
limits the potential of damaging non-PD equipment that 1s
connected to a PSE port.

In the present invention, a small current source (e.g., S0uA)
1s used to facilitate the pre-detection process. This small
current source, 1n combination with voltage measurements, 1s
used to determine whether a device coupled to the port 1s
potentially vulnerable to the PSE’s detection process.

FI1G. 2 1llustrates an embodiment of a PSE that incorporates
a current source module for use 1n a pre-detection process. As
illustrated, the current source module includes multiple cur-
rent sources 210, 220. Here, current source 210 1s a 50uA
current source. Current source 220, on the other hand, can be
a larger current source (e.g., 850uA) that 1s to be used during
the detection process. As would be appreciated, other current
sources could also be included 1n the current source module to
tacilitate detection of other devices such as legacy PDs that do
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not confirm with IEEE 802.3af. Each of the current sources
can be selectively activated/deactivated using their respective
switches.

In the pre-detection process, switch 212 1s closed, thereby
enabling the sourcing of a small fixed current from current
source 210 through the VPORTN pin. As will be described 1n
greater detail below, measurement of the slew-rate of the
Vport voltage can be used to extract the impedance at the
RJ45 ports. In accordance with the present invention, the
pre-detection process enables a determination of the amount
of impedance seen on the RJ45 port to avoid too high of a
voltage over the port. A high voltage can occur, for example,
due to the impedance of the resistance/capacitance combina-
tion on the port.

FI1G. 3 1llustrates an embodiment of a pre-detection mecha-
nism that enables a measurement of the port voltage upon
application of current from a small current source. As 1llus-
trated, the pre-detection mechanism uses controller 310 to
activate transistor Q1, which 1n turn activates the small SOuA
current source. In one embodiment, transistor Q1 1s activated
for a pre-detection time period (e.g., 55 ms). During this
pre-detection time period, amplifier (AMP) 320 monaitors the
port voltage and delivers a measured output that 1s converted
by analog-to-digital converter (ADC) 320. ADC 320 then

provides the resulting digital output to controller 310.

In one embodiment, controller 310 1s designed to analyze
the port voltage relative to a threshold voltage. This analysis
enables controller 310 to monitor the port impedance. If the
port impedance 1ndicates that the device 1s potentially a valid
PD, then the PSE would continue with a normal detection
process (e.g., two point or four point detection).

As 1llustrated 1n FIG. 4, 1if no device 1s connected to the
RJ45 port, the only impedance seen by the small current
source 1s the C . capacitance and possibly a few pA leakage
on the high voltage components (inside or outside the PSE
controller chip). FIG. 3 illustrates an example port voltage
response when no device 1s connected to the RJ45 port. In this
illustration, a threshold voltage of 5.5V 1s used 1n a pre-
detection time period of 55 ms. For a typical C,, =200 nF, a
simple calculation shows that the 5.5V threshold would be

obtained within t=C___*35.5V/50uA~22 ms.

pse
In receiving the port voltage from ADC 330 during the

pre-detection period, the PSE can determine when the port
voltage crosses the voltage threshold of 5.5V. A crossing of
this voltage threshold would lead controller 310 to cut off the
small S0uA current source and preclude the start of a normal
detection process.

As would be appreciated, the selection of a threshold volt-
age of 5.5V and pre-detection time period of 55 ms 1s based on
various assumptions and design goals. In the present
example, the selection of these parameters 1s designed to
provide a relative margin of tolerance in the pre-detection of
actual devices.

Consider for example, devices with a purely capacitive
load. Here, a capacitive load of 300 nF would cause the 5.5V
threshold to be reached 1n t=500 nF*5.5V/50uA=535 ms. FIG.
6 1llustrates such a port voltage response. As 1llustrated, a
capacitive load of less than 3500 nF would cause the 3.5V
threshold to be reached 1n less than 55 ms, while a capacitive
load of greater than 500 nF would cause the 5.5V threshold to
be reached in more than 55 ms. As a consequence, a minimum
of 500 nF would need to be present between the RJ435 ports for
the device to be 1dentified as a potentially valid PD device. IT
the capacitive load 1s greater than 500 nF, then the 5.5V
threshold would be violated prior to the expiration of the 55
ms pre-detection time period. As most real devices would
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exhibit a capacitive load of at least 1 uF, the 5.5V threshold
and the 55 ms pre-detection time period provides a 1:2 margin
ol capacitive tolerance.

FIG. 7 illustrates a voltage response of a 110 k&2 resistive
load. As illustrated, the application of a small S0uA current
source will produce a steady state voltage of V=50uA*110
k€2=5.5V. IT the resistive load 1s greater than 110 k€2, then the
steady state voltage would exceed the 5.5V threshold. Alter-
natively, 1f the resistive load 1s less than 110 k€2, then the
steady state voltage would not exceed the 5.5V threshold. As
a consequence, amaximum of 110k€2 canbe present between
the RJ45 ports for the device to be 1dentified as a potentially
valid PD device. If the resistive load 1s greater than 110 k€2,
then the 5.5V threshold would be violated prior to the expi-
ration of the 55 ms pre-detection time period. As a valid PD
device would have a pure resistance signature of ~30 k€2
maximum, the 5.5V threshold provides a 1:3.5 margin of
resistive tolerance.

As has been described, the port voltage during a pre-detec-
tion time period can be analyzed relative to a threshold volt-
age, which thereby enables the PSE to monitor the port
impedance. If the impedance indicates that the device 1is
potentially a valid PD, then the PSE can continue with a
normal detection process. In one embodiment, the compari-
son of the port voltage to a threshold voltage during a pre-
detection time period can provide the PSE with valuable
pre-detection information that enables the PSE to determine
whether a detection process 1s warranted. As illustrated in
FIGS. 6 and 7, 1t the threshold voltage 1s violated during the
pre-detection time period, then the device 1s known to be an
invalid PD device.

In one embodiment, the pre-detection mechanism can be
provided by a simple set of logic elements such as that 1llus-
trated 1n FIG. 8. In this embodiment, comparator 830 1s
designed to compare a port voltage output by AMP 820 to a
voltage threshold (V,, ). When the port voltage exceeds V, .
the logic high signal 1s passed on to SR latch 850 via AND
gate 840. In this configuration, SR latch 850 would produce a
logic high signal at the Q output when the port voltage
exceeds V. This output is then provided to controller 810 as
an indication of whether the PD 1s invalid or potentially valid.

To further 1llustrate the principles of the present invention,
reference 1s now made to the flowchart of FIG. 9. As 1llus-
trated, the process begins at step 902 where a PSE activates a
small current source during a pre-detection time period. This
pre-detection time period 1s prior to a conventional detection
time period. In contrast to a conventional detection time
period that 1s designed to 1dentity a valid PD device through
the detection of a signature resistance, the pre-detection time
period 1s designed to 1dentity an invalid PD device through
the violation of a voltage threshold.

At step 904, the PSE monitors the port voltage upon acti-
vation of the small current source. In this process, the PSE
would compare the port voltage to a voltage threshold. At step
906, i1t 1s then determined whether the port voltage has
exceeded the threshold voltage during the pre-detection time
period. If 1t 1s determined that the port voltage has exceeded
the threshold voltage, then the PSE would recognize the
device as an 1mvalid PD device at step 908. As an invalid PD
device could potentially be at risk from further PoE process-
ing, the conventional PD detection process would be stopped
at step 910.

I1, on the other hand, 1t 1s determined at step 906 that the
voltage threshold has not been exceeded during the pre-de-
tection time period, then the PSE would recognize the device
as a potentially valid PD device at step 912. While the device
may not ultimately be 1dentified as a valid PD device, the PSE
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at this point would recognize that the device would not be at
risk should a detection process be invoked by the PSE. As
such, at step 914, the PSE would then continue to a normal
detection process. The result of this normal detection process
would determine whether further PoE processing (e.g., clas-
sification or activation) 1s warranted on that port.

These and other aspects of the present mmvention will
become apparent to those skilled 1n the art by a review of the
preceding detailed description. Although a number of salient
teatures of the present invention have been described above,
the invention 1s capable of other embodiments and of being,
practiced and carried out 1n various ways that would be appar-
ent to one of ordinary skill in the art after reading the dis-
closed 1invention, therefore the above description should not
be considered to be exclusive of these other embodiments.
Also, 1t 1s to be understood that the phraseology and termi-
nology employed herein are for the purposes of description
and should not be regarded as limiting.

What 1s claimed 1s:

1. A method 1n a power sourcing equipment of detecting a
powered device, comprising:

measuring a voltage across a port of a power sourcing
equipment upon application of a current source to said
port during a predetection time period;

determining whether said measured voltage exceeds a
threshold voltage level within said predetection time
period;

if 1t 1s determined that said measured voltage exceeds said
threshold voltage level within said predetection time
period, then classifying a device coupled to said port as
an mvalid powered device;

if 1t 1s determined that said measured voltage does not
exceed said threshold voltage level within said predetec-
tion time period, then classifying said device coupled to
said port as a potentially valid powered device; and

after determining that said device coupled to said port is a
potentially valid powered device, then detecting a pres-
ence ol a signature resistance at said device, wherein
said detection enables a determination of whether said
device 1s a valid powered device.

2. The method of claim 1, wherein said current source 1s

distinct from a second current source used 1n said detection.

3. The method of claim 1, wherein said signature resistance
1s approximately 25 k&2,

4. The method of claim 1, wherein said detecting does not
occur 11 1t 1s determined that said measured voltage exceeds
said threshold voltage level.

5. The method of claim 1, wherein said detecting occurs in
a 500 ms detection time period.

6. A power sourcing equipment, comprising:

a {irst current source for use 1n a detection of a signature
resistance of a device coupled to a port of the power
sourcing equipment;

a second current source for use 1n a process prior to said
detection; and

a controller that measures a voltage across a port of the
power sourcing equipment upon application of said sec-
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ond current source, said controller controlling said sec-
ond current source upon a comparison of said measured
voltage to a threshold voltage, wherein if 1t 1s determined
that said measured voltage exceeds said threshold volt-
age level within a predetection time period, then classi-
tying a device coupled to said port as an invalid powered
device, and 1f 1t 1s determined that said measured voltage

does not exceed said threshold voltage level within a
predetection time period, then classitying said device
coupled to said port as a potentially valid powered
device.

7. The power sourcing equipment of claim 6, wherein said
signature resistance 1s approximately 25 k€.

8. The power sourcing equipment of claim 6, wherein said
controller activates said first current source only 11 it 1s deter-
mined that said measured voltage does not exceed said thresh-
old voltage within said predetection time period.

9. The power sourcing equipment of claim 6, wherein said
controller activates said first current source during a 500 ms
detection time period.

10. A power sourcing equipment, comprising:

a first current source for use prior to a detection by the
power sourcing equipment of a signature resistance 1n a
powered device;

a second current source for use during a detection by the
power sourcing equipment of said signature resistance
in said powered device; and

a microcontroller that measures a voltage across a port of
the power sourcing equipment upon application of said
first current source to said port, said microcontroller
activating said second current source only 11 a compari-
son of said measured voltage to a threshold voltage
indicates that said threshold voltage has not been
exceeded.

11. The power sourcing equipment of claim 10, wherein
said microcontroller limits said first current source 1f said
measured voltage exceeds said threshold voltage during a
predetection time period.

12. The power sourcing equipment of claim 10, wherein
said second current source 1s used during a 500 ms detection
time period.

13. The power sourcing equipment of claim 12, wherein
said first current source 1s activated during a predetection time
period, said predetection time period occurring prior to said
500 ms detection time period.

14. The power sourcing equipment of claim 10, wherein
said signature resistance 1s approximately 25 k2.

15. The power sourcing equipment of claim 10, wherein
said second current source 1s not activated 1f said comparison
of said measured voltage to said threshold indicates that said
threshold voltage has been exceeded.

16. The power sourcing equipment of claim 10, wherein
said first current source 1s an order of magnitude smaller than
said second current source.
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